Toll-like receptors (TLRs) play a crucial role in early innate immune responses to inflammatory agents and pathogens. In the brain, some members of the TLR family are expressed in glial cells and neurons. In particular, TLR4 has been involved in learning and memory processes, stress-induced adaptations, and pathogenesis of neurodegenerative disorders. However, the role of TLR4 in emotional behaviors and their underlying mechanisms are poorly understood. In this study, we investigated the role of TLR4 in emotional and social behavior by using different behavioral approaches, and assessed potential molecular alterations in important brain areas involved in emotional responses. TLR4 knockout (KO) mice displayed increased anxiety-like behavior and reduced social interaction compared to wild type control mice. This behavioral phenotype was associated with an altered expression of genes known to be involved in emotional behavior [e.g., brain-derived neurotrophic factor (BDNF) and metabotropic glutamate receptors (mGluRs)]. Interestingly, the mRNA expression of dopamine-and cAMP-regulated phosphoprotein-32 (DARPP-32) was strongly upregulated in emotion-related regions of the brain in TLR4 KO mice. In addition, the phosphorylation levels at Thr75 and Ser97 in DARPP-32 were increased in the frontal cortex of TLR4 KO male mice. These findings indicate that TLR4 signaling is involved in emotional regulation through modulation of DARPP-32, which is a signaling hub that plays a critical role in the integration of numerous neurotransmitter systems, including dopamine and glutamate.
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Introduction
Toll-like receptors (TLRs) are transmembrane pattern recognition receptors that recognize damage-associated molecular patterns and pathogen-associated molecular patterns (Kaisho and Akira, 2001; Takeda et al., 2003) . TLRs play a critical role in early innate immune responses to inflammatory agents and pathogens (Hennessy et al., 2010) and facilitate the activation of the adaptive immune response (Wong et al., 2010) . Mammalian TLRs exhibit differential expression patterns in the brain and facilitate diverse functions within the developing and adult central nervous system (Okun et al., 2011) . In the brain, some members of the TLR family are expressed in glial cells (astrocytes, microglia, and oligodendrocytes), neurons, and neural progenitor cells, suggesting that TLRs also participate in brain development and behavior and regulation of brain physiology. Indeed, recent research demonstrates that TLRs are critical in mediating neurogenesis during brain development, as well as hippocampal neurogenesis and plasticity during adulthood (Bercik and Collins, 2014; Okun et al., 2011; Rolls et al., 2007 ) (Trudler et al., 2010 . However, little is known about the specific function of TLRs and their crosstalk with other brain signaling pathways.
Recent studies investigating the role of TLRs in the brain have shown that TLR type 4 receptors (TLR4) are involved in learning and memory (Okun et al., 2012 ), aging (Letiembre et al., 2007 , and neurodegenerative disorders such as Parkinson's disease (Noelker et al., 2013 ) and Alzheimer's disease (Walter et al., 2007) . An emotion-related role for TLR4, especially in mediating stress and depression, has also been described (Liu et al., 2014) . Interestingly, the translocation of lipopolysaccharide (LPS)-containing gram-negative enterobacteria, which stimulate TLR4, has been potentially associated with the onset of a number of inflammatory and oxidative/nitrosamine stress pathways in major depressive disorder (Garate et al., 2011; Maes et al., 2008) , in the regulation of the adrenal response to stress and inflammatory stimuli (Bornstein et al., 2006; Zacharowski et al., 2006) , and in stress-induced neuroinflammation in the brain (Caso et al., 2008; Garate et al., 2013) . In autism spectrum disorder, which is
